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Abstract. GRB030320 is the 5th Gamma- ray burst (GRB) detected by INTEGRAL in the field of view (FoV). It is 
so far the GRB with the largest off-axis angle with respect to the INTEGRAL pointing direction, near to the edge 
of the FoV of both main instruments, IBIS and SPI. Nevertheless, it was possible to determine its position and 
to extract spectra and fluxes. The GRB nature of the event was confirmed by an IPN triangulation. It is a ~ 60 s 
long GRB with two prominent peaks separated by ~ 35 s. The spectral shape of the GRB is best represented by 
a single power law with a photon index F ~ 1.7. The peak flux in the 20 - 200 keV band is determined to ~ 5.7 
photons cm~^ s~^ and the GRB fiuence to 1.1 x 10~^ erg cm~^. Analysing the spectral evolution of the GRB, a 
"hard-to-soft" behaviour emerges. A search for an optical counterpart has been carried out, but none was found. 
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1. Introduction 

Since their discovery more than thirty years ago 
IjKlebesadel 1973|l GRBs had evaded an understanding of 
their nature for about 20 years. This changed dramatically 
with the identification of the first GRB X-ray afterglow 
with a BeppoSAX observation IjCosta et al. 1997)l . Since 
then it has been shown that at least the sources of long 
GRBs (lasting longer than 2 s) are located at cosmologi- 
cal distances. The observed fluxes revealed the enormous 
energy release of these events ( |van Paradijs et al. 2000| ) 
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which is thought to be produced in asymmetric collapse 
of massive stars dWoosley 19 93'). 

Here we report the detection of such an event 
by the two main instruments of INTEGRAL 
l|Winkler et al. 2003|l which have complementary 
performance characteristics. The imager IBIS 
l|Ubertini et al. 2003|l has an excellent angular resolution, 
whereas the spectrometer SPI (|Vedrenne et al. 2003|l 
is assigned to high-resolution spectroscopy, but 
has only modest imaging capabilities. The burst- 
detection capabilities of the INTEGRAL mission 
are achieved by the INTEGRAL burst alert system 
(IB AS: IMereghetti et al. 2003a| IBAS for SPI/ACS: 
Ivon KienInrer'ar'2(l?uTr " which scans the satellite teleme- 
try in near-real time for GRBs at the INTEGRAL Science 
Data Centre fISDC: ICOTTrvoisier et al. 2003|l . 

2. Detection and Localisation 

On March 20, 2003 at 10:11:40 UTC, during the Galactic 
Centre Deep Exposure, a long GRB (~ 60 s) was detected 
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line) of Mereghetti et al. (2003b). The IPN error box of Fig. 2. ESO/NTT+SOFI image corresponding to the 
Hurley et al. (2003b) and the derived SPI position with centre of the IBIS error circle derived here. The field 
its 1° error circle (dashed line) are superimposed. is 5.5x5.5 arcmin wide. The 5 a limiting magnitude is 



at a large off-axis angle of 15.5°. This is near to one corner 
of the squared shaped IBIS FoV: 29° x 29° fuU width (SPI- 
FoV: - 35° full width). 

The GRB was detected by IBAS in near-real time in 
the data of ISGRI IjLebrun et al. 2001|l . the low -energy 
detector of IBIS. As the trigger had a low significance 
due to the position of the source on the edge of the 
FoV (only 3.7% of the detector was illuminated by the 
GRB) no prompt alert was distributed. An offline in- 
teractive analysis of the data confirmed that the trigger 
was due to an astrophysical source and allowed to deter- 
mine and distribute a preliminary position 6.25 hours after 
the event (IBAS Alert 343; , Mereghetti et al. 2'003b ). The 
prehminary derived position was aj2ooo = 17*^ 51™ 43*^, 
^J20oo = —25° 18' 34" with an uncertainty of 5'. In a fur- 
ther analysis of the entire GRB (UTC 10:11:36 - 10:12:40) 
in the 15-100 keV energy band the GRB was detected 
with a signal-to- noise ratio of S/N ~ 15. The derived er- 
ror box had nearly the same centre aj2ooo = 17*^ 51™ 42*^, 
^,72000 = -25° 18' 44" but a smaller radius of 3'. 

The GRB nature of the event was confirmed 
about one hour later by Konus, Mars Odyssey 
(HEND), and INTEG RAL/SPI-AGS via an IPN-annulus 
( [Hurley et al . 2003a'). By adding the information from 
Ulysses, Mars Odyssey (GRS), Konus- Wind and RHESSI 
to the above mentioned data, a small IPN error box was 
derived one day later Purley et al. 2003b| ). 

SPI was only able to determine a rough position for 
the GRB in the energy interval between 100 keV and 1 
MeV. At lower energies it was not possible to derive a 
position. One should notice that only 3 out of the 19 de- 



tectors of SPFs camera showed a substantial increase of 
the count rate, caused by the illumination of the GRB. By 
selecting two time intervals around the prominent peaks 
of emission (see below) from UTC 10:11:55 to 10:12:05 
and 10:12:30 to 10:12:36 (in total 16 s), the derived SPI 
position is aj2ooo = 17'' 53.4™, (5j2ooo — —26° 2.8' with an 
uncertainty of 1° (S/N 7.2). This agrees within the error 
with the positions found by IBIS/ISGRI and IPN. Fig.[T] 
shows a superposition of the IPN error box and the SPI- 
and IBIS/ISGRI-error circles. 

The two monitoring instruments of INTEGRAL, the 
X-ray monitor JEM-X (Lund et al. 2003) and the optical 
camera OMC (l|Mas-Hesse et al. 2003|) . did not observe the 
event as it was outside their FoVs. 

A search for an optical afterglow in the IBIS er- 
ror circle was performed using the Wise-Observatory 1 
m telescope 16.9 hours after the onset of the burst 
UGal-Yam k, Ofek 20'03jl . This follow-up observation did 
not reveal any optical counterpart. R-band imaging under 
poor conditions did not show any new source down to a 
limiting magnitude oi R = 17.5 mag. 

We also performed two follow-up observations at ESO 
New Technology Telescope (NTT) using the SOFI cam- 
era. The first was made at 9.497 UT on the 21"' of March 
(~ 23.3 hours after the GRB) with a Ks filter and had 
exposure of 30min (see Fig.O. The second was taken at 
4.608 UT (- 69.8 days after the GRB) on the 29"^ of May 
with the same filter and an exposure of lOmin. The dif- 
ference image, although showing several variable sources, 
did not reveal a strong afterglow candidate. 
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The afterglow search was complicated by the 
burst location in the galactic plane. The fore- 
ground galactic hydrogen column density^ of 
A^H=(l-4±0.1)xlO^^ atoms/cm^ in the direction of the 
burst results in an extinction of Ay ~ (10.5 ± 0.5) mag 
[Ar = (7.85 ±0.35) mag]. This high extinction would have 
required an extraordinary intrinsically bright afterglow 
(i?int < 10 mag at the time of the Wise observations) in 
order to be detectable. This would be more than 5 mag 
brighter than the very bright afterglow of GRB030329 
IjBurenin et al. 2003|l at the same time after the burst 
occurrence. 



3. Temporal and Spectral Characteristics 

Fig.El shows the lightcurvc for all INTEGRAL detec- 
tors which have observed GRB030320. The lightcurves of 
ISGRI have been determined in two energy bands (15- 
60 keV and 60-300 keV) by using only the pixels that were 
illuminated by the GRB by at least half of their sur- 
face. The determination of a SPI lightcurve with a short 
time binning was only possible by using the 1 s count 
rates of the 19 Ge-detectors, which are normally used 
for science-housekeeping purposes. These values reflect the 
count rates of each detector in the broad SPI energy band 
from - 20 keV up to - 8 MeV. The SPI lightcurve in Fig. El 
was generated by summing the background-subtracted 
count rates. The background (^ 50 counts s~^ detector"^) 
was determined from the SPI data before the burst occur- 
rence over a duration of 40 min. The alternative method, 
which uses the time-tagged photon-by-photon SPI mode, 
with energy information for each photon, yielded insignif- 
icant results. With the anti-coincidence shield (ACS) of 
SPI the GRB was observed as an increase of the over- 
all veto count rate. The effective area of the ACS is 
very small for sources observed within the field of view 
llvon Kienhn et al. 2003a|l . For GRBs which occur outside 
the FoV of SPI the effective area of the ACS is however 
large, as it can be seen from the detection rate of ~ 0.8 
GRBs/day (|von Kienlin et al. 2003b|l . All hght curves m 
Fig-El exhibit two prominent peaks during the ~60s of 
prompt emission. A third peak is visible in the low-energy 
range of ISGRI, which is less significant at higher energies. 

Spectra were extracted for characteristic intervals of 
the GRB lightcurve. The GRB spectrum was in all cases 
well represented by a single power-law model. The pho- 
ton index and the source fiux in the 20-200 keV energy 
range are listed for ISGRI and SPI in Tab.^ For both in- 
struments, the response for a source position near-to-zero 
coding is not yet well understood. For ISGRI the closest 
Crab observation was used for the calibration of the spec- 
tra. Any deficiencies of the SPI response at 15.5° off-axis 
angle is possibly the result of a not fully-representative 
mass model. Currently the off-axis effects of the response 
are assessed by using Crab observations, recorded during 
the payload-verification campaign, but the drawback of 
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20 40 60 80 100 

Time after 10:11:30 (seconds) 

Fig. 3. Lightcurves of all INTEGRAL instruments which 
have seen GRB030320, from top to bottom: SPLACS 
overall veto count rate with 50 ms time resolution, SPI 
Is binned and IBIS/ISGRI in a soft (15-60 keV) and a 
hard (60-300 keV) energy range with 1 s binning. The bot- 
tom plot shows the evolution of photon index F [f{E) = 

K ■ (yi|v~^); K = photons/ (keV cm^ s) at 1 keV] for 
ISGRI (filled square) and SPI (XSPEC 12.0 resuhs, open 
circle). The dotted lines mark the intervals 1-3 from Tab. 

HI 



this method is the lack of Crab observations at such large 
off- axis angles. 

The photon indices and fluxes listed in Tab. H for SPI 
were obtained by binning the photon-by-photon single and 
multiple events into six equally-spaced logarithmic energy 
bins in the 20keV to 2 MeV range, for each of the listed 
time intervals. Spectral extraction was performed using 
SPIROS (SPI Iterative Removal of Sources; Skinner & 
Connell 2003), which takes the SPI photopeak effective 
area into account. Spectral model fitting was performed 
using XSPEC 11.2 and the off-diagonal response of SPI 
(SPLRMF), as shown in the fine SPI?f^2 of Tab. □ For 
the background, all event data of the corresponding sci- 
ence window, with a duration of about 30 min, were used, 
but with the time of the GRB cut out (UTC 10:11:40 
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Table 1. Photon indices and fluxes obtained by IBIS/ISGRI and SPI (by three different methods, see text) in 6 time 
intervals of the GRB. The quoted uncertainties are given for a 90% confidence range. For line SPI12.0 it was only 
possible to quote the 90% confidence range approximately, because the calculation of uncertainty contours is not yet 
implemented in XSPEC 12.0. 



Interval # 


1 


2 


3 


4 


5 


6 


Position 


before 1°' peak 


1=* peak 


2""^ peak 


max 1''* peak 


#1 ± #2 


full GRB 


UTC 10 : 




11:49-11:57 


11:57-12:06 


12:31-12:37 


12:00-12:02 


11:49-12:06 


11:49-12:37 




ISGRI 


1 09 0.15 
^■■^^ -0.17 


1 56 ° 


189 ""^ 

-0.09 


1 62 

^■"^ -0.09 


1 CO 0.08 
-^•^^ -0.08 


169 

L.uu -0.08 


Pholndex 


SPI12.0 

spi?S 


1.87 ±0.31 
1-68 _°o^I. 
1.97 Xlr 


1.66 ±0.16 
94 "■^'^ 
140 

-0.28 


1.60 ±0.26 
1 29 

^■'^'^ -0.64 
-0.38 


1.01 ±0.31 
1 03 ° 


1.54 ±0.15 

1-28 ."o'i 
154 

^■"^^ -0.25 


1.51 ±0.16 
1 19 

^•^^ -0.37 

1 C7 0.20 
^•0' -0.20 


20-200 keV 


ISGRI 


1.449 


3.841 


3.685 


5.689 


2.773 


2.068 


Flux 


SPI12.0 


3.08 


4.35 


3.53 


3.14 


3.24 


2.11 




SPI?fi 


3.62 


2.05 


3.56 




2.78 


1.65 


L cm-s J 


SPI^l^f- 


4.40 


4.45 


4.95 


4.13 


4.11 


2.82 



- 10:14:00). Tab. ^ lists the obtained photon indices and 
fluxes, when using XSPEC 11.2 only with a diagonal re- 
sponse (fine SPIii''! ) too. Naturally one obtains a softer 
spectral shape with this method. 

For comparison, the data were analysed using an 
alpha-test version of the XSPEC 12.0 software. This 
approach is distinct from the SPIROS method, in 
that the full diagonal plus off-diagonal response ma- 
trix is computed for each detector (and for each 
pointing direction, although here the GRB is con- 
tained within a single pointing) USturner et al. 20031 also 
[Shrader, Sturner fc Teegarden 2000| ). The detector-count 
spectra are then compared directly to the convolution of 
a photon model with, in this case, 19 response matrices, 
and a minimisation is performed. This is, in princi- 
ple, a more rigorous deconvolution procedure than the 
SPIROS method. However, the disadvantage is that the 
source and background must be simultaneously modelled 
whereas SPIROS reduces the problem to a single back- 
ground subtracted spectrum and response matrix. A set 
of ancillary response functions (ARFs), containing the en- 
ergy, detector and angle-dependent effective area, were 
constructed for the GRB position and the burst spectrum 
was modelled in XSPEC 12.0 by fixing the background 
(derived by using the non-burst part of the observation). 
The obtained photon indices and fluxes are listed in the 
line SPI12.0 of Tab. □ 

ISGRI single events have been used to derive photon 
indices and fluxes shown in the line "ISGRI" of Tab. ^ 
Thanks to the coded-mask design of the IBIS telescope, 
the source flux can be determined simultaneously with the 
background using the Pixel Illumination Function (PIF; 
ISkinner 1995|l . The spectra have been extracted in 128 
linearly-spaced energy bins between 19 keV and 1 MeV 
and were rebinned to have a signal-to-noise ratio larger 
than 3 in each channel. The photon spectra have then been 
obtained with the technique described above. In addition 



to the time intervals shown in Tab.^ it was possible to 
obtain for ISGRI values of the photon index for the time 
intervals listed below: 

Position: Interval (UTC) Pholndex 
decay of the P* peak: 10:12:06-10:12:16 1.859 



0.18 
23 



smaU peak in between: 10:12:16-10:12:26 2.329 _„ 
rising of the 2"^* peak: 10:12:26-10:12:31 1.955 _"o^25 
decay of the 2"'^ peak: 10:12:37-10:12:52 IMQ ^'^l^ 

With these ISGRI data it was possible to track the 
spectral evolution over the whole emission period, show- 
ing a general hard-to-soft evolution for the first peak up 
to the small peak between the two main peaks (Fig.|31 
lower panel). During the second peak the spectrum hard- 
ens again (yet being softer compared to the first peak), 
but showing no evolution. The obtained ISGRI fluxes are 
reasonably correlated with the light curve. 

The photon indices obtained with XSPEC 12.0 for SPI 
agree within the errors with the results obtained with 
ISGRI for interval 2, 3, 5 and 6, but reveals no spectral 
evolution. In contrast to the time between interval 2 and 3 
(between to two main peaks) and after the last interval 3 
(decay of the 2"^^ peak) , it was possible to extract for SPI a 
spectrum for interval 1, although SPI's lightcurve did not 
show a rate increase. As expected the obtained photon 
index and flux do not agree well with the ISGRI values. 
A large discrepancy is observed for interval 4 (maximum 
of the 1^' peak). SPI shows here a rather hard spectrum 
whereas for ISGRI the spectrum is even softer compared 
to interval 5. The SPI results have to be handled with 
care because for such a short 2 s interval, containing only 
a small number of counts in each energy bin, the determi- 
nation of a spectrum is more difficult. 

Comparing the results obtained with the three differ- 
ent methods used for the SPI data analysis, one can see 
that the XSPEC 12.0 derived photon indices yield the 
best agreement with the ISGRI data, although the same 



A. von Kienlin et al.: GRB030320: A long GRB at the edge of INTEGRAL'S field of view 



5 



is valid for the SPIROS+XSPEC 11.2 results, using a di- 
agonal response (line SPI^i'^f ' of Tab. 0), but these have a 
much broader confidence range. Second it should be noted 
that XSPEC 12.0 is using an off-diagonal response, which 
should represent the instrument much better. 

The burst had a 20-200 keV peak flux (over 2 s) of 
4.1 j'^^'^^ • 10~^ ergcm"^ s~^ and 5.4- 10~^ergcm~^ s~^ and 
a 25-100 keV peak flux of l-l ■ 10"^ ergcm^^ g-i 
and 3.0 • lO^^crgcm^^ s^^ measured vifith SPI and 
IBIS/ISGRI, respectively. These peak fluxes would place 
GRB0303 20 in the top 25% of the BATSE peak flux dis- 
tribution IjPaciesas etal. 1999|l . 

The gamma-ray fluence in the 20-200 keV band mea- 
sured with SPI is 1.35 ^q2q'^^~^ ergcm"^, consistent with 
1.1-10-^ erg cm-2 from IBIS/ISGRI. The 25-100 keV flu- 
ence was 7.1_\'^g • 10-6 erg cm^^ (SPI) and 6.5 • lO'^erg 
cm"^ (ISGRI). Peak flux and fluence agree within a 
factor of two with the results obtained with Ulysses 
Purley et al. 2003b| ). 

4. Conclusion 

The analysis of GRB030320 showed that INTEGRAL is 
still able to detect GRBs at the edge of its FoV. For 
this GRB a photon index of F ~ 1.7 was derived for 
the prompt emission. The time resolved spectroscopy re- 
vealed a hard-to-soft transition of the spectrum during the 
60 burst duration. Especially IBIS/ISGRI showed a good 
performance in localisation and in the determination of 
the spectral evolution. The difficulties observed with SPI 
will hopefully improve with a better understanding of the 
response at the edge of the FoV. 
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